This paper studies the effect of dual-channel format on supply chain's competition ability and the effect of different bargaining powers on the competition between two supply chains and the optimal pricing decisions of all supply chain members when one supply chain introduces an online retailing channel. We develop four game models and obtain the optimal pricing decisions in closed form of these models and give some sensitivity analysis through numerical approach. Some new managerial insights are obtained as follows: Regardless of the two supply chain members' bargaining forms, the optimal price, the maximal demand, and the maximal profit decrease as the self-price sensitivity decreases. The industry holds advantage in getting higher profit when the supply chain without online retailing channel is led by the retailer. In addition, we find that a manufacturer as a leader of its supply chain can get more profit when the competing supply chain's leader is the manufacturer than when the competing supply chain's leader is the retailer.
Introduction
In the past few years, the advent of Internet-based electronic commerce has significantly changed the environment of business and has increasingly changed consumers' consumption patterns and manufacturers' sale models. There are, in our real life, more and more manufacturers (e.g., Hewlett & Packard, Pioneer Electronics, IBM, and Dell Computer) who are increasingly using a dual channel, a combination of the online and traditional channels, to distribute their products [1] . The online channel has helped manufacturers reach different consumer segments that cannot be reached by the traditional retail channel, control sale price, and increase profits. On the other hand, consumers also have become accustomed to purchasing products through online channel; the online channel means more shopping choices and price savings for consumers.
So far, most published researches on online channel supply chain have focused on a single supply chain with one manufacturer and one retailer (i.e., [2] [3] [4] [5] ). In these studies, a single manufacturer distributes products through a dual channel. However, in our real life, with the technology development and the economy globalization, competition exists not only among different supply chain members, but also at the supply chain level, resulting in the chain-tochain competition in many industries. For example, in the telecommunication industry, where the supply chains are differentiated by technologies, Microsoft and HTC may form a supply chain which competes with the supply chain with Symbian and Nokia. Other examples include the car manufacturing and retailing and crude oil and gasoline industries. Obviously, with this competition, either an upstream firm or a downstream firm in one supply chain not only competes against his/her corresponding firm in the other supply chain, but also competes against the whole other chain. Moreover, if one supply chain introduces an online channel, can the dual-channel format increase the supply chain's competition ability? Can the manufacturer increase its profit by introducing an online channel? How does different bargaining powers of supply chain members affect the competition between two supply chains and the optimal pricing of all supply chain members when one supply chain introduces an online channel? To the best of our knowledge, no research has considered these problems. There are both academic and 2 Mathematical Problems in Engineering practical values to consider these problems and this is an interesting topic focused by managers. The aim of this paper is to explore the above problems.
Specifically, in this paper, we consider two supply chains which compete in the market with two substitutable products. Each supply chain includes one manufacturer and one retailer. Each manufacturer produces one product, and the two manufacturers' products are substitutable. Moreover, assume one of the two supply chains is a traditional supply chain where the manufacturer sells a product to the retailer, while the other supply chain has adopted an online channel where the manufacturer sells its product to the retailer, as well as to the end customers directly. We formulate four game models to characterize the competition between the two supply chains when one supply chain introduces an online channel. The bargaining powers between each supply chain are considered, and the solutions of these models are also obtained. We also perform the sensitivity analysis through numerical studies of some key parameters for examining their influences on the supply chain members' optimal pricing and maximal profits. On the basis of comparison and analysis of solutions of these models, some new managerial insights are derived. Our findings show that, regardless of the two supply chain members' bargaining forms, the optimal prices, the maximal demands, and the maximal profits decrease with decreasing values of self-price sensitivity. The industry holds advantage in getting the higher profit when the supply chain without online channel is led by the retailer. In addition, we find that a manufacturer that is a leader in its supply chain can get more profit when the competing supply chain's leader is the manufacturer than when the competing supply chain's leader is the retailer.
This research is related to the literature rooted in the dual channels. In the last few years, dual-channel supply chain has gained much attention from the supply chain management research community, and quite a large number of researches have been done about it, reviewed by Tsay and Agrawal [1] and by Cattani et al. [6] . For example, Chen et al. [7] studied a manufacturer's problem of managing his online sales channel together with an independently owned bricksand-mortar retail channel, when the channels compete in service. Cai et al. [8] discussed a manufacturer's distribution strategy by focusing on different cost structures between the two channels and showed that a manufacturer uses both channels when online channel cost is not very high. Yao and Liu [3] showed that introducing an online channel not only generates competitive pricing and payoffs, but also encourages cost effective retails services. Batarfi et al. [9] investigated the effect of adopting a dual channel on the performance of a two-level supply chain; their results show that adding a customized-product online channel would increase the profit of the centralized supply chain system. Huang and Swaminathan [10] and Khouja et al. [11] studied the optimal pricing strategy when a retailer sells its product though an dual channel. Schneider and Klabjan [12] analyzed conditions for known inventory control policies to be optimal in presence of two different sales channels. Yang et al. [13] considered the inventory competition of perishable products in a dual-channel supply chain with consideration of the delivery lead time in the online channel. Differing from those of prior studies, the focus of this research is to study how the dual-channel format affects the supply chain's competition ability facing different bargaining powers of two competing supply chains.
Our research is also related to the literature rooted in the chain-to-chain competition. There is little literature that examines the chain-to-chain competition. For example, Wu et al. [14] investigated the equilibrium behavior of two competing supply chains in the presence of demand uncertainty. Anderson and Bao [15] considered the chainto-chain competition in which different manufacturers sell through exclusive retailers that compete for end customers. Trivedi [16] found that the competitions at both retailer and manufacturer levels have significant impacts on the members' profits and prices. Wei and Zhao [17] study the pricing and remanufacturing decisions of two competing supply chains with competition at both manufacturer and retailer levels. McGuire and Staelin [18] considered two competing supply chains where each manufacturer must decide whether to integrate into retailing or sell its products through an exclusive retailer via a wholesale-price contract. Coughlan [19] extended the research of McGuire and Staelin [18] to a more general demand function and applied it to the international semiconductor industry. However, to the best of our knowledge, no research has studied how the dual-channel format affects the chain-to-chain competition through considering the bargaining powers of two competing supply chains. Our paper tries to fill this research gap.
The remainder of this paper is organized as follows. Section 2 introduces the problem description. Four pricing models and the corresponding analytical results are discussed in Section 3. In Section 4, we report the comparisons and managerial implications of the results obtained in this article. We conclude the results and suggest topics for future research in Section 5.
Problem Description
Consider two supply chains (supply chain 1 and supply chain 2) which compete in the market with two substitutable products (product 1 and product 2). Supply chain 1 includes manufacturer 1 and retailer 1, and supply chain 2 contains manufacturer 2 and retailer 2. In the following discussion, "he" represents one of the two manufacturers, and "she" represents one of the two retailers. Manufacturer 1 produces a product (product 1) with unit manufacturing cost 1 and wholesales it to retailer 1 with unit wholesale price 1 and sells the product to consumers directly through an online store with unit retail price 0 . Manufacturer 2 produces a product (product 2) with unit manufacturing cost 2 and only wholesales it to retailer 2 with unit wholesale price 2 . Retailer then sells the product to the end consumer with unit retail price , = 1, 2. Products 1 and 2 are substitutable. Manufacturer 1 must determine the wholesale price 1 for product 1 to the retailer and the retail price 0 for product 1 to consumers directly from his online store. Manufacturer 2 must determine the wholesale price 2 for product 2 to the retailer. The retailer must determine the retail price Mathematical Problems in Engineering 3 for product . We assume that the channel members are independent and risk-neutral and all channel members have complete information of the demands and the cost structures.
Linear demand functions of retail prices are used to characterize market demand because linear demand functions are tractable and commonly adopted in the literature on supply chain analysis [16, 18, [20] [21] [22] [23] . We assume that the market demand 0 for product 1, sold through manufacturer 1's online channel, is given as
The demand 1 for product 1, sold through the traditional channel, is denoted as
and the demand 2 for product 2, sold through the traditional channel, is denoted as
where the parameter represents the market base of each demand , = 0, 1, 2. For expositional simplicity, we assume each channel has the same market base. The parameter 0 is self-price elastic coefficient and 1 , 2 , 3 are the cross-price elastic coefficients. According to the above description, we can formulate the members' profit functions as follows. The two retailers' profit functions are
Manufacturer 1's profit function is
Manufacturer 2's profit function is
Analytical Results
In this section, in order to investigate the effect of bargaining powers of supply chain members on the profits and decisions of the supply chain participants and to explore which particular organization structure of the two supply chains is appropriate for one of the two competing manufacturers to open an online channel, we consider the case where the two supply chains are decentralized and establish the corresponding decision model and allow for the competition in each supply chain to be modeled as a Stackelberg game. Such modeling enables us to capture the supply chain members' competitive dynamics under four power structures. Specifically, the decentralized decision models are listed in Table 1 . The leader in every decision scenario makes its decision to maximize its own profit, conditioned on the follower's response. The problem is solved backwards. Namely, the decision of the follower is solved first, given that the leader's decision has been observed.
The MOMT Model.
The MOMT model arises in the markets where two retailers retail two substitutable products (e.g., computers), and each retailer's power is smaller compared to her manufacturer's. For example, manufacturer 1 (e.g., Dell who has used a combination of the traditional and online channels to retail its computer) plays a more dominant role than his small-and medium-sized agents, and manufacturer 2 (e.g., Lenovo) plays a more dominant role than her retailer. In these real-world supply chains, the manufacturers will act as the Stackelberg leaders and the retailers will act as the Stackelberg followers in their own supply chains. So, in this case, the two manufacturers first make their decisions simultaneously and the two retailers then make their decisions simultaneously. Specifically, manufacturer 1 announces the wholesale price 1 and the retail price 0 , and manufacturer 2 announces the wholesale price 2 simultaneously; then retailer 1 announces the retail price 1 and the retailer 2 announces the retail price 2 simultaneously. The MOMT model is given as follows: So, we first derive the two retailers' decisions as follows. Given earlier decisions 1 , 0 , and 2 made by the two manufacturers, respectively, we can derive the two retailers' best response functions, by setting 1 / 1 and 2 / 2 to zero and solving for 1 and 2 simultaneously, as follows:
Having the information about the decisions of the two retailers, the two manufacturers would then use them to maximize their profits simultaneously. Substituting * (9) into the two manufacturers' profit functions in (6) and (7), and applying the first-order conditions to the resulting profit functions in terms of the wholesale prices 1 , 2 and the retail price 0 , we get manufacturer 1's wholesale price * 1 and retail price * 0 and manufacturer 2's wholesale price * 2 , at equilibrium, as follows: ) ,
where 8 , 9 , . . . , 18 are constants defined in Appendix A.
Hence, with (9)- (10), we can see that the two retailers' equilibrium retail prices in the MOMT model, denoted as * 1 and * 2 , respectively, are * 1 = is also given in (10) , and the two retailers' equilibrium retail prices
Proof. Proof of Proposition 1, as well as the other remaining proofs of the propositions in this article, appears in Appendix C.
The RORT Model.
The RORT model arises in the markets where two retailers retail two substitutable products (e.g., mobile phones), and each retailer's power is larger compared to her manufacturer's. For example, retailer 1 (e.g., Gome.com) plays a more dominant role than her supplier/manufacturer (e.g., Meizu), Meizu sells its mobile phone not only through Gome.com but also through its online store (https://www.meizu.com), and retailer 2 (e.g., Suning.com) plays a more dominant role than her supplier/manufacturer (e.g., k-touch). So, in this case, the two retailers first make their decisions simultaneously and the two manufacturers then make their decisions simultaneously. Specifically, retailer 1 announces the retail price 1 and retailer 2 announces the retail price 2 simultaneously and then manufacturer 1 announces the wholesale price 1 and retail price 0 and manufacturer 2 announces the wholesale price 2 simultaneously. The RORT model is given as follows:
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are derived from solving the following problem
So, we first need to derive the two manufacturers' decisions. Given earlier decisions 1 and 2 made by the two retailers, respectively, we can have the two manufacturers' best response functions as in (14) .
where 1 , 2 , . . . , 7 are constants defined in Appendix A.
Having the information about the two manufacturers' decisions, the two retailers would then use them to maximize their profits simultaneously. Substituting * 1 , * 2 , and * 0 in (14) into the two retailers' profit functions in (4) and (5) and applying the first-order conditions to the resulting profit functions in terms of the retail prices 1 
where 8 , 9 , . . . , 13 are constants defined in Appendix A.
With (14)- (16), we can have manufacturer 1's optimal wholesale price * 1 and optimal retail price * 0 and manufacturer 2's optimal wholesale price * 2 at equilibrium in the RORT model as follows:
where * 1 , * 2 are defined as in (15) and (16) (19) , and the two retailers' equilibrium retail prices * 1 and * 2 are given in (15) and (16), respectively.
The MORT Model.
The MORT model arises in the markets where two retailers retail two substitutable products (e.g., mobile phones), and one retailer's power is smaller compared to her manufacturer's and the other retailer's power is larger compared to her manufacturer's. For example, HUAWEI, who has used a combination of the traditional and online channels to retail its mobile phones, plays a more dominant role than his small and medium-sized agents; however, retailer 2 (e.g., GOME.com) plays a more dominant role than her supplier/manufacturer (e.g., Meizu). So, in this decision case, manufacturer 1 is a leader and retailer 1 is a follower in chain 1, and retailer 2 is a leader and manufacturer 2 is a follower in chain 2. Both manufacturer 1 and retailer 2 first announce the wholesale price 1 , retail price 0 , and retail price 2 simultaneously; then both retailer 1 and manufacturer 2 decide the retail price 1 and the wholesale price 2 to maximize their profits simultaneously. So, we first need to derive the decisions of retailer 1 and manufacturer 2. The MORT model is given as follows: 
Having the information about the decisions of manufacturer 2 and retailer 1, retailer 2 and manufacturer 1 would then use them to maximize their profits simultaneously. Substituting 1 and 2 in (21) into the profit functions of retailer 2 and manufacturer 1 in (5) and (6) and applying the first-order condition to the resulting profit functions in terms of the 2 , 1 , and 0 give retailer 2's retail price * 2 and manufacturer 1's wholesale price * 1 and retail price * 0 as follows:
where 5 , 6 , . . . , 11 are constants defined in Appendix A.
From (21)- (22), we can have manufacturer 2's optimal wholesale price * 2 and retailer 1's optimal retail price * 1 in the MORT model as follows:
where * 2 , * 1 , and * 0 are defined as in (22) . is given in (24) , retailer 1's equilibrium retail price * 1 is given in (23) , and retailer 2's equilibrium retail price * 2 is given in (22) .
The ROMT Model.
The ROMT model arises in the markets where two retailers retail two substitutable products (e.g., mobile phones), and one retailer's (retailer 1) power is larger compared to her manufacturer's (manufacturer 1 that has used a combination of the traditional and online channels to retail its product) and the other retailer's (retailer 2) power is smaller compared to her manufacturer's. For example, retailer 1 (e.g., Gome.com) plays a more dominant role than her supplier/manufacturer (e.g., Meizu); however, manufacturer 2 (e.g., HUAWEI) plays a more dominant role than his small-and medium-sized agents. So, in this decision case, retailer 1 is a leader and manufacturer 1 is a follower in chain 1, and manufacturer 2 is a leader and retailer 2 is a follower in chain 2. So, both manufacturer 2 and retailer 1 first announce the wholesale price 2 and retail price 1 simultaneously; then both retailer 2 and manufacturer 1 decide the retail price 2 , the wholesale price 1 , and the retail price 0 to maximize their profits simultaneously. So, we first need to derive the decisions of retailer 2 and manufacturer 1. The ROMT model is given as follows:
(25)
where 1 , 2 , . . . , 9 are constants defined in Appendix A.
Having (4) and (7) and applying the first-order condition to the resulting profit functions in terms of 1 
Comparisons and Managerial Implications
In this section, we consider the following case that parameters in four decision models established above are all symmetric; that is, 1 = 2 = 3 , and 1 = 2 , and denote 1 = and 1 = . The reason for restricting the two substitutable products to have identical parameter values is to enable a comparison of three decision models and to gain more insights into the managerial implication. The asymmetry between the products creates problems during comparison of decision models [24, 25] . Thus, a comparison using simplified parameter structures can separate the effects of different competition strategies in the models from the effects of differences in each parameter.
Comparison and Analysis of the Equilibrium Solutions.
Consider that it is very difficult to analyze the changes of equilibrium prices and channel members' equilibrium profits with the parameters , , 0 , and in the four decision models by analytic approach because the equilibrium solutions are complicated. So, in this subsection, we perform the sensitivity analysis through numerical studies of the parameters , , 0 , and for examining their influences on the equilibrium solutions and channel members' equilibrium profits. On the basis of comparison and analysis, some managerial insights are derived. In the following numerical examples, the information on the parameter values is obtained from the existing numerical studies [26] .
Discussion 1 (sensitivity analysis of the parameters and 0 ). First, we explore how the optimal retail prices, wholesale prices, maximal demands, and the chain members' maximal profits are affected by changes in the cross-price sensitivity . Figures 1-3 show the changes of the optimal prices, maximal demands, and the supply chain members' maximal profits with the parameter in the MOMT model, where default values of parameters are = 200, = 3, 0 = 8, and ∈ {2.3, 2.6, 2.9, 3.2, 3.5}.
Next, the mechanism by which the optimal retail prices, wholesale prices, maximal demands, and the maximal profits are affected by the changes in the self-price sensitivity 0 is investigated. Figures 4-6 present the changes of the optimal prices, maximal demands, and the chain members' maximal profits with the parameter 0 in the MOMT model, where the parameters values are = 200, = 3, = 2, and 0 ∈ {9, 10, 11, 12, 13}.
It follows from Figures 1-6 that the optimal wholesale prices and the optimal retail prices all decrease in the crossprice sensitivity and all decrease in the self-price sensitivity 0 in the MOMT model. The maximal demands (i.e., * 0 , * 1 , and * 2 ), and the supply chain members' maximal profits (i.e., * 1 , * 2 , and * 2 ) all increase in the cross-price sensitivity in the MOMT model, whereas retailer 1's maximal profit (i.e., 2 ) all decrease in the self-price sensitivity 0 in the MOMT model. Similarly, the same results can be obtained in the other three decision models, and the details are not discussed in this article, from which we can have the following managerial insight. Regardless of the two supply chain members' bargaining forms, the optimal prices, the maximal demands, and the maximal profits decrease with decreasing values of self-price sensitivity 0 .
Discussion 2 (sensitivity analysis of the parameters and
). First, the mechanism by which the optimal retail prices, wholesale prices, maximal demands, and the chain members' maximal profits are affected by the changes in the manufacturing cost is investigated. Figures 7-9 present the changes of the optimal prices, maximal demands, and the chain members' maximal profits with the parameter in the MOMT model, where default values of parameters are = 200, 0 = 6, = 2, and ∈ {3, 4, 5, 6, 7}. Second, we explore how the optimal prices, maximal demands, and the supply chain members' maximal profits are affected by changes in the market base . Figures 10-12 present the changes of the optimal prices, maximal demands, and the supply chain members' maximal profits with parameter in the MOMT model, where the parameters values are = 3, 0 = 6, = 2, and ∈ {101, 102, 103, 104, 105}. It follows from Figures 7-12 that the optimal wholesale prices and the optimal retail prices all increase in , whereas 2 ) all decrease in in the MOMT model. This shows that the increase of production cost will directly cause the increase of sale price and the decrease of maximal demands, which directly damages all players' profits. On the other hand, the optimal wholesale prices, the optimal retail prices, the maximal demands (i.e., * 0 , * 1 , and * 2 ), and the supply chain members' maximal profits (i.e., * 1 , * 2 , * 1 , and * 2 ) all increase in in the MOMT model. This tells us that the increase of potential demand will benefit all supply chain members.
Remark 5. Discussions similar to those in Discussions 1 and 2 can be obtained in the other three models when the parameters , 0 , , and vary. For brevity, these graphs, discussions, and sensitivity analyses are not presented in this article. Table 2 , we can have the following results.
Numerical
(3.1) The total profit of supply chain 1 with online channel achieves the highest profit in the RORT model, followed by the MORT model and then the ROMT model, and achieves the least profit in the MOMT model. On the other hand, the total profit of supply chain 2 without online channel achieves the highest profit in the MOMT model, followed by the MORT model and then the ROMT model, and achieves the least profit in the RORT model. This means that, for a given supply chain 2's channel power structure, the total profit of supply chain 1 under the case where retailer 1 is a leader in its supply chain is larger than under the case where retailer 1 is a follower in its supply chain. However, for given supply chain 1's channel power structure, the total profit of supply chain 2 under the case where retailer 2 is a leader of its supply chain is smaller than under the case where retailer 2 is a follower of supply chain 2. Moreover, the profit of the whole supply chain 1 is always bigger than that of the whole supply chain 2; namely, the introduction of online channel for a supply chain can really increase its competition ability regardless of the two supply chains' bargaining structures.
(3.
2) The industry profit achieves the highest profit in the MORT model, followed by the RORT model and then the MOMT model, and achieves the least profit in the ROMT model. This indicates that the industry holds advantage in getting the higher profit when the supply chain without online channel is led by the retailer.
(3.3) Comparing among the four decision cases, manufacturer 1 with online channel achieves his highest profit in the MOMT model, followed by the MORT model and then the RORT model, and achieves the least profit in the ROMT model, whereas manufacturer 2 without online channel achieves his highest profit in the MOMT model, followed by the ROMT model and then the MORT model, and achieves the least profit in the RORT model. This means that the manufacturer holds advantage in getting the higher profit when he is a leader in the supply chain , = 1, 2, and the manufacturer who is a leader in the supply chain can get more profit when the competing chain's leader is the manufacturer than when the competing chain's leader is the retailer , = 1, 2, = 3 − .
(3.4) Comparing among the four decentralized decision cases, retailer 1 achieves her highest profit in the ROMT model, followed by the RORT model and then the MORT model, and achieves the least profit in the MOMT model, whereas retailer 2 achieves her highest profit in the RORT model, followed by the MORT model and then the MOMT model, and achieves the least profit in the ROMT model. This means that the retailer holds advantage in getting the higher profit when she is a leader in the supply chain , = 1, 2, and the retailer who is a leader in the supply chain can get more profit when the competing supply chain's leader is the manufacturer than when the competing supply chain's leader is the retailer , = 1, 2, = 3 − . (3.5) The profit of manufacturer 1 is always bigger than that of manufacturer 2, which shows that manufacturer 1 can deeply strengthen its competition ability by adopting dual channel regardless of the two supply chains' bargaining structures. However, the profit of retailer 1 is smaller than that of retailer 2 except in the ROMT model; this means that the online channel introduced by a manufacturer does always benefit its retailer. Table 3 , the following results can be derived.
(4.1) The market demand 0 for product 1, sold through the online channel, achieves the smallest value in the MOMT model; this is followed by the MORT model and the RORT model, and the biggest value is obtained in the ROMT model, whereas the market demand 1 for product 1, sold through the traditional channel, achieves the smallest value in the MOMT model; this is followed by the ROMT model and the MORT model, and the biggest value is obtained in the RORT model. On the other hand, the market demand 2 for Table 4 , the following results can be derived.
(5.1) The retail price 0 for product 1, sold through the online channel, achieves the smallest value in the MORT model; this is followed by the RORT model and the ROMT model, and the biggest value is obtained in the MOMT model. Moreover, the retail price 1 for product 1 sold through the traditional channel and the retail price 2 for product 2 sold through the traditional channel both have the same results as the retail price 0 for product 1 sold through the online channel.
( 5.2) The wholesale price 1 for product 1 achieves the smallest value in the ROMT model; this is followed by the RORT model and the MORT model, and the biggest value is obtained in the MOMT model. However, the wholesale price 2 for product 2 achieves the smallest value in the RORT model; this is followed by the MORT model and the ROMT model, and the biggest value is obtained in the MOMT model. This indicates that the two manufacturers will charge higher wholesale prices when they have leaderships in their own supply chains.
( 5.3) Comparing among the four decision cases, the retailer will obtain the bigger profit margin from product when she has the leadership of chain and the manufacturer will also obtain the bigger profit margin from product when he has the leadership of chain , = 1, 2. This indicates that a firm who is the leader of his/her supply chain has the advantage of getting the bigger profit margin.
(5.4) The optimal retail price charged by manufacturer 1 is always smaller than those charged by retailer 1 and retailer 2, and the marginal profit obtained by manufacturer 1 from the online channel is also bigger than those earned by retailer 1, retailer 2, and manufacturer 2. So, the online channel can deeply increase manufacturer 1's competition. Moreover, the competition between manufacturer 1's online channel and retailer 1's traditional channel makes retailer 1's price in four models always higher than the prices of retailer 2 and manufacturer 1.
Conclusions
The objective of this article is to study the effects of dualchannel format on the supply chain competition and on the supply chain members' pricing decisions. Specifically, for two competing supply chains, can one supply chain increase its competition ability by introducing an online channel facing different bargaining structures? So, we consider two supply chains which compete in the same market with two substitutable products. Each supply chain includes one manufacturer and one retailer, and the two manufacturers produce two substitutable products. One of the two manufacturers is a traditional manufacturer who only sells his product through the traditional channel, while the other manufacturer has opened an online channel, so that he can sell his product directly through the online channel, or sells his product insights are derived as follows: (1) manufacturer 1 can deeply strengthen its competition ability by adopting dual channel regardless of the two supply chains' bargaining structures. However, the online channel introduced by a manufacturer does not always benefit the manufacturer's retailer. (2) The optimal retail price charged by manufacturer 1 is always Mathematical Problems in Engineering 13 smaller than that charged by retailer 1 and retailer 2, and the marginal profit obtained by manufacturer 1 from the online channel is also bigger than that earned by retailer 1, retailer 2, and manufacturer 2. However, our results are based upon some assumptions about the models of competing supply chains. Thus, several extensions to the analysis in this paper are possible. First, as opposed to the risk-neutral channel members considered in this paper, one could study the case where the channel members have different attitudes towards risk and could also examine the influence of their attitudes towards risk on individual decisions and profits. Second, this paper considers a case with deterministic-linear-demand function in a single period; one can study the case with other forms of demand function in stochastic/fuzzy multiple periods environment. Third, this article considers the case where only two supply chains compete in the market with two substitutable products; one can consider the case with ( ≥ 3) supply chains competing in the market.
B. Conditions for Model Parameters
To ensure that the various profit expressions will be well behaved and possess a unique optimum, similar to Tsay and Agrawal [24] , we impose the following conditions on the parameters: 
C. Proofs of Propositions
Proof of Proposition 1. It follows from (2) and (3) that the firstand second-order derivatives of 1 to 1 and 2 to 2 can be shown as It follows from (C.3) that is concave in , = 1, 2. Therefore, by setting (C.1) and (C.2) to zero and solving them simultaneously, we obtain (9) .
From (6)- (9), the first-order partial derivatives of 1 to 1 and 0 and the first-order derivative of 2 to 2 can be shown as (C.5) From (C.5) and assumption (B.1), 1 is jointly concave in 1 and 0 and 2 is concave in 2 . Therefore, by setting (C.4) to zero and solving them simultaneously, we obtain (10). Using (9)-(10), Proposition 1 can be obtained. From (6), (7), and (C.6), the first-order partial derivatives of 1 to 1 and 0 and the first-order derivative of 2 to 2 can be shown as Using (C.10) and (C.11), we know that 2 is concave in 2 and 1 is jointly concave in 1 and 0 . Therefore, by setting (C.7)-(C.9) to zero and solving them simultaneously, we obtain (14) .
It follows from (4), (5) , and (14) that the first-and secondorder derivatives of 1 to 1 and 2 to 2 can be shown as (C.14)
It follows from (C.14) and assumption (B.2) that r is concave in , = 1, 2. Therefore, by setting (C.12) and (C.13) to zero and solving them simultaneously, we obtain (15) and (16) . With (14)- (16), one can easily see that Proposition 2 holds.
Proof of Proposition 3. Given earlier decisions 2 , 1 , and 0 made by retailer 2 and manufacturer 1, respectively, we can have the first-order derivative of 1 to 1 and the firstorder derivative of 2 to 2 as shown in (C.1) and (C.9). Therefore, by setting (C.1) and (C.9) to zero and solving them simultaneously, we obtain (21) .
It follows from (5), (6), (21), and (C.6) that the first-order partial derivatives of 1 to 1 and 0 and the first-order derivative of 2 to 2 can be shown as With (C.19), we can know that 1 is jointly concave in 1 and 0 and 2 is concave in 2 . By setting (C.15) to zero and solving them, simultaneously, we obtain (22) .
From (21)- (22), one can easily have (23) and (24) . Therefore, Proposition 3 holds.
Proof of Proposition 4. Given earlier decisions 2 and 1 made by manufacturer 2 and retailer 1, respectively, we can have the first-order partial derivatives of 1 to 1 and 0 and the first-order derivative of 2 to 2 as shown in (C.7), (C.8), and (C.2). Therefore, by setting (C.7), (C.8), and (C.2) to zero and solving them simultaneously, we obtain (26) .
It follows from (4), (7), and (26) that the first-order derivative of 1 to 1 and the first-order partial derivatives of 2 to 2 and can be shown as 
